During palatogenesis, the anterior palate is covered with ortho or parakeratinized epithelium while the posterior palate is covered with non-keratinized epithelium. To elucidate the developmental mechanisms underlying these region-specific differentiation patterns of palatal epithelium along the antero-posterior axis, we employed the tissue recombination assay during in vitro organ cultivation of the developing palate at E16 for 2 days. The recombination assay results revealed that epithelial differentiation with specific localization patterns of Cytokeratin10 and Ki67 are modulated by mesenchymal tissues. Based on these results, we examined the underlying signaling regulations that modulate epithelial differentiation, using laser microdissection and genome wide screening. Our screening data suggested Meox2 (Mesenchyme homeobox 2) to be a key regulator that controls epithelial differentiation in the mesenchymal tissue. To examine the developmental function of Meox2, we employed in vitro organ cultivation along with the knockdown and overexpression of Meox2 using siRNA and Meox2 overexpression vector, respectively, at E14.5 for 2 and 4 days. After 2-day cultivation, we examined the altered expression patterns of related signaling molecules such as Shh and Bmp, using in situ hybridization and RT-qPCR. After 4-day cultivation, we examined the altered histogenesis and localization patterns of Cytokeratin10 and Ki67. Based on the restricted and specific expression of candidate mesenchymal genes and the results of the recombination assay, we conclude that posteriorly expressed Meox2 is involved in the determination of non-keratinized epithelial differentiation through complex signaling regulations in mice palatogenesis. The animal-vegetal (A-V) axis of eggs is called the primary axis and serves as a coordinate along which future germ layers are organized. In chordates, ectoderm, mesoderm, and endoderm are arranged along the axis in this order. However, how the A-V axis is set has not been well studied. Cytoplasmic transfer experiments with ascidian eggs have shown that unfertilized eggs already have polarity in terms of tissue-forming activities. Consistent with these findings, ascidian unfertilized eggs are polarized along the A-V axis in terms of cellular components such as mitochondria and localized maternal RNAs. The polarized distribution of egg components is established during oocyte maturation. Oocytes of the ascidian, Halocynthia roretzi, within the gonad have the germinal vesicle (GV) close to the future animal pole. Eccentric positioning of the GV close to the future animal pole is common in diverse animals from cnidarians, echinoderms, to Xenopus. When the GVs of Halocynthia full-grown oocytes were experimentally translocated to the opposite pole by centrifugal force, every aspect that designates A-V polarity was reversed in the eggs and embryos. This was confirmed by examining the cortical allocation of the meiotic spindle, position of the polar body emission, polarized distribution of mitochondria and postplasmic/PEM mRNA, direction of the cortical flow during oocyte maturation, cleavage pattern, and future fate map in relation to germ-layer formation during embryogenesis. Therefore, the eccentric position of the GV triggers subsequent polarizing events and establishes the A-V axis in eggs and embryos. We emphasize important roles of the actin-driven cortical flow during oocyte maturation, in which the cortical cytoplasm moved in a direction from the future animal pole toward the vegetal pole. This is the first report in which the A-V axis was experimentally and completely reversed in animal oocytes before fertilization. Angiogenesis is a vital reaction to increase vascular beds, in which new blood vessels emerge from pre-existing ones in various contexts. During angiogenesis, vascular endothelial cells (ECs) form essential dendrite structures with lumen by self-organization. However, influences of perivascular pericytes and blood flowmediated forces in the early stage of angiogenesis remain unclear.
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To dissect the issue, first, we reconstructed angiogenic morphogenesis in a microfluidic device based on an existing design (Lab Chip 2013) using human umbilical vein ECs (HUVECs), in which perfusable angiogenic sprouts were spontaneously generated. When we coclutured pericytes with ECs in this culture system, pericytes properly covered angiogenic sprouts of ECs. We found that pericytes enhanced elongation of the EC sprouts and narrowed the vessel diameter by changing individual EC shape to be more elongated. Next, we tested the impacts of intraluminal pressure load by placing hydrostatic pressure on vascular lumen of the EC sprouts (20-25mmH2O). We found that intraluminal pressure induced actin remodeling of the EC sprouts and loss of tip cell polarity, eventually resulting in suppressed sprout elongation and dilated vascular morphology. The suppressive effect on sprouting elongation was enhanced in the presence of pericyte coverage. These results suggest that pericytes and intraluminal pressure influences angiogenic morphogenesis of ECs to form the well-ordered vascular network via field dependent controls. The reconstitution assay system using the microfluidic device should be particularly useful to understand the roles of components in angiogenic morphogenesis. 
